Introduction
A successful root canal treatment depend upon so many factor but the most important factor which determine the efficacy of all subsequent procedures such as mechanical debridement ,medicament delivery, and obturation is root canal preparation .(1)Traditionally stainless steel files were used, but with introduction of nickel titanium (Ni-Ti) alloys significantly broadened the instrument design .Ni-Ti instrument provides greater flexibility which speed up the preparation of canal and reduce fatigue to the dentist, decreased canal transportation and ledging but the main problem with NiTi instrument is separation of instrument within the canal . The rate of separation of nickel titanium is 30-60% and breakage rate 9.4 %. ( 2, 3) There are two reasons which explain the fracture /separation of Ni Ti instrument: 1. Torsional fracture: When the tip of the instrument gets locked into a root canal, stops rotating and breaks off.
Cyclic fatigue:
When an instrument is rotated continuously around a curve and catastrophic opening of surface micro-cracks occurs. So this review focused on the methods that reduce the chances of separation of nickel titanium instrument.
Review:
A web-based research on MEDLINE (www.pubmed.gov) was done. To limit our research to relevant articles, the search was filtered using terms "Fracture of nickel titanium instrument in endodontics". I had found 177 articles in which 24 articles were chosen to get the desired knowledge update. This review article screened about 24 articles and then the relevant information was compiled.
Methods that reduce the fracture of NI-TI instrument:
1. Thermomechanical treatment of nickel-titanium instruments: The mechanical performance of NiTi alloys is sensitive to their microstructure and associated thermomechanical treatment. Heat treatment or thermal processing is one of the most fundamental approaches toward adjusting the transition temperature in NiTi alloy, which affects the fatigue resistance of NiTi endodontic files. The newly developed NiTi instruments made from controlled memory wire, M-Wire (Dentsply Tulsa Dental Specialties, Tulsa, OK), or R-phase wire represent the next generation of NiTi alloys with improved flexibility and fatigue resistance and the resistance to cyclic fatigue and torsion. (4) 2. Low-torque endodontic motors in root canal instrumentation: If a high-torque motor is used, the instrument-specific limit-torque (fracture limit) is often exceeded, thus increasing the chances of instrument fracture within the canal. A possible solution to this problem is to use a low-torque endodontic motor which operates below these values. If the torque is set just below the limit of elasticity for each instrument, the risk of fracture is markedly reduced. (5) 3.Reciprocation:In 1985 manual reciprocation (clockwise and anticlockwise Movements) used for the preparation of root canals with stainless steel files but this technique is time consuming and produces a high level of procedural errors. In 1964 automated reciprocation was introduced with the Giromatic utilising stainless steel files moving with a 90 degree clockwise and anticlockwise motion but this technique causes greater procedural errors than hand filing . (6) In 2008 this concept of reciprocating files was re-introduced with ProTaper and this was shown to be as effective at cleaning around root canals and to extrude similar amounts of apical debris . (7)In 2011 a re-emergence of reciprocation and development of single file NiTi preparation systems such as Reciproc (VDW) and Wave One (DentsPly) single file systems provide reciprocating movement in an anticlockwise direction up to 130 degrees, followed by a clockwise releasing movement of 50 degrees. This means that each instrument takes three rotations to complete a full 360 degree rotation which is lower than the elastic limit of the instrument so the chances of fracture is low. Neelakantan P et al compare the cyclic fatigue of a rotary (One Shape) and reciprocating (Reciproc) single file system in a simulated S-shaped canal in static and dynamic models and the result showed that single file reciprocating system (Reciproc) had a longer fatigue life than the single file rotary system (One Shape).(8)Vadhana S et al evaluate and compare the cyclic fatigue resistance of RaCe (FKG Dentaire, La Chaux-de-Fonds, Switzerland) and Mtwo (VDW, Munich, Germany) rotary files in continuous rotation and reciprocating motion and result showed that Mtwo and RaCe rotary instruments showed a significantly higher cyclic fatigue resistance nreciprocating motion compared with continuous rotation motion. (9)Gavini G evaluate the resistance to flexural fatigue of Reciproc R25 nickeltitanium files, 25 mm, used in continuous rotation motion or reciprocation motion, in dynamic assays device and results showed that the reciprocation motion improves flexural fatigue resistance in nickel -titanium instrument Reciproc R25 when compared with continuous rotation movement. (10) 4. Irrigants: Irrigants play a very important role in prevention of instrument fracture within the root canal. Under the normal use, when the instruments reach near their endurance limit, failure may occur. In addition to this when the temperature of files increases due to the instrument's thermodynamical situation that will also promote instrument failure. (11) Current studies suggested that the irrigation solutions which are used during root canal preparation can decrease the instrument temperature and also act as a heat absorber so that it decrease the chances of instrument failure and also suggested that NaOCl irrigation solution is more suitable in comparison with water and air conditions. Mousavi SA et al. determine the effect of irrigation on temperature and failure of Ni-Ti rotary files and concluded that the fatigue life of Ni-Ti rotary files instruments is longer in liquid media than in air. (12) 5. Sterilization: Autoclave sterilization was suggested to extend the life of nickel-titanium rotary endodontic instruments by reducing the effect of cyclic fatigue due to its ability of heat treatment. Shen Y et al. studied the effect of environment on fatigue failure of controlled memory wire nickel-titanium rotary instruments and the result was concluded that heat treatment as a result of autoclave sterilization does not extend the useful life of nickel-titanium instruments.(13)Mize SB et al. evaluated the effect of repeated sterilization cycles in dry oven or autoclave, on the mechanical behaviour and fatigue resistance of rotary endodontic Ni-Ti instruments and the result concluded that Changes in the mechanical properties of Ni-Ti endodontic instruments after five cycles of commonly used sterilization procedures were insignificant so that the sterilization procedures are safe as they produced a significant increase in the fatigue resistance of the instruments. (14)Paul B et al. in 2011 studied the effect of multiple autoclave cycle effects on cyclic fatigue of GT Series X file and Twisted Files and the result showed that The GT Series X files showed no significant difference in mean cycle failure (MCF) for experimental( autoclaved)versus control(not autoclaved) files. Twisted Files showed no significant difference in MCF between experimental and control groups. However, the Twisted Files showed a significantly lower MCF compared with the controls.(15)Gianluca plotino et.al. evaluated the the effect of autoclave sterilization on cyclic fatigue resistance of rotary endodontic instruments made of traditional and new nickel-titanium (NiTi) alloys and the result concluded that repeated cycles of autoclave sterilization do not seem to influence the mechanical properties of NiTi endodontic instruments except for the K3 XF prototypes of rotary instruments that demonstrated a significant increase of cyclic fatigue resistance. (16) 6. Rotational speed: Studies suggested that lower rotational speeds (150 to 250 rpm versus 300 rpm and higher) will help avoid instrument separation and deformation. (17, 18, 19, 20) A report concluded that a speed of 150 rpm was associated with delayed breakage because of cyclic fatigue when compared to 350 rpm. (21) Another study concluded that rotational speed was not a significant factor affecting cyclic fatigue failure. Confusing this matter, most manufacturers recommend rotational speeds in the range of 150 to 350 rpm. The importance of rotational speed in regard to instrument failure requires further study. Rotary files can be used to remove gutta-percha during re-treatment. (22, 23) The use of 1,500 rpm was found to be associated with more rapid and effective removal of gutta-percha than either 350 or 700 rpm. At this higher rpm, there was also less instrument separation. (24) It is important to note that when using rotary files at this speed, the file should have minimal if any engagement of the canal walls and should be placed completely into the gutta-DOI: 10.9790/0853-1509118487 www.iosrjournals.org 86 Page percha. Rotating a nickel titanium file at this speed at a location below the middle third of any canal is to be avoided.
II. Conclusion 1.
The newly developed Ni-Ti instruments that are made from controlled memory wire, M-Wire or R-phase wire which represent the next generation of NiTi alloys showed improved flexibility and fatigue resistance and the resistance to cyclic fatigue and torsion so that the chances of Ni-Ti instrument fracture highly reduced. 2. Torque is set just below the limit of elasticity for each instrument so that the risk of fracture is markedly reduced. 3. Reciprocation motion improves flexural fatigue resistance in nickel-titanium instrument compared with continuous rotation movement and reduces the risk of fracture. 4. Irrigation solutions which are used during root canal preparation can decrease the instrument temperature and also act as a heat absorber so that it decreases the chances of instrument failure. 5. Changes in mechanical properties of Ni-Ti endodontic instruments after sterilization procedures were insignificant so that the sterilization procedures are safe as they produced a significant increase in the fatigue resistance of the instruments 6. Recommended rotational speed 150 -350 rpm avoid instrument separation and deformation.
My opinion: Fracture of Ni-Ti rotary instrument complicates the progress, and compromises the prognosis of endodontic treatment so if we are using a appropriate methods that reduces the cyclic fatigue and torsional fracture of the instrument, the success rate of endodontic treatment greatly increased.
